Abstract. The article presents the results of simulations conducted on the network which has been implemented in one of the cities with dense urban development. The simulations were conducted to verify how the lowering of the emission (this affected the topology of the network) of the network will affect the network reliability and time of the data collection.
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S. Bujnowski, B. Marciniak, D. Ledziński, M. Maszewski, Z. Lutowski sensor networks, it is becoming common to call it smart environment [4] . The nodes located in it are responsible for downloading data, their pre-processing and handing over to the neighboring nodes, and then to the acquisition node, where the data is collected and processed.The important goal of building such a network should be the limitation the environment damage so the emission of the network starts to play very important role. The main disadvantage of this type of technology is its susceptibility to external interference, and because of its function, it should ensure an adequate level of reliability. This level depends on the network configuration, distance between nodes, static (terrain) obstacles, mobile (interference from moving objects etc.). The problem of reliability can be solved in a simple manner. When rising the output power of the devices the coverage of the nodes rises. However this solution is not a recommended as such solution will drive to quick depletion of the batteries in nodes. This type of action will also affect the emission of electromagnetic radiation to a greater extent which will have an impact on the environment in which it carries out its functions. For this reason other solution should be implemented to provide satisfactory level of reliability with low emission of the network. The low emissivity can be achieved thanks to proper configuration of the network [11] .It is done by applying new or modify protocols [1] or by increasing the number of the acquisition nodes or by using a hybrid communications technology [5] . This aspect became the basis for interest in problems related to the limitation of radiation generated by last mile wireless, telemetry networks.
Examination Area
Using the program, which algorithm was presented in the paper [], the network implemented in a town Zamość (Kujawsko-Pomorskie) shown in Fig. 1 was tested.
The analyzed network consists of 135 nodes. Thanks to the above-mentioned algorithm, it was determined that These networks were examined in terms of determining their emissivity and the time of data acquisition. The results of the analysis of the parameters of tested topologies concerned the application of the method using multiple retransmissions, which aimed at obtaining the assumed probability of obtaining a correct transmission Pnfor each of the nodes included in this network. This probability for Image Processing & Communications, vol. 22, no. 2, pp. 39-48 41 the variable k specifying the number of retransmissions was calculated using the following formula (1).
where:p i0 means the value of the probability of success for the selected connection without usage of a retransmission mechanism, q i0 âȂŞ probability of failure.
Assuming the minimum level of probability P z and knowing the value p i0 for the selected path the number of retransmissions for the selected path can be determined
Calculations of radiated energy for a selected connection were made using the formula below:
where: E i -energy radiated by transmitters Acquisition times T i was determined using the formula:
Summing up the values obtained in this way, the total energy emitted by the entire network and the estimated time of information acquisition could be calculated. The obtained results of calculations show that through the selection of transmission levels, a reduction in the network's emission can be achieved, which also results from the change of the connection topology. This fact causes that the method of controlling the levels of transmitters used to transmit information through specific paths connecting nodes can be quite complicated. To reduce these problems to some extent, appropriate levels should be assigned to disjoint paths to the nodes with the worst probability of obtaining the correct transmission. However, as it results from the conducted research, it does not bring a significant reduction in the amount of energy.
The focal point of the analyzed network is the acquisition node, which possible failure will result in the inability to collect data from all other sensors. In order to increase transmission reliability, it was proposed to divide the network into two, to some extent dependent from each other, sub-networks A and B (Fig 3) . The nodes num- As stated earlier, the transmission structure has an impact on the network structure, so the set of edges forming interstitial paths may change, which was taken into account when calculating the emissivity. the network operation with one acquisition node. These values were calculated from the formulas listed below:
[%]
Tab. 7: Expressed in percentage of the net emission reduction value and shortening the acquisition time.
As it is easy to observe, the adoption of a solution with two acquisition nodes results in a significant reduction in emitted energy. However, also in this case, it is necessary to take into account the possibility of damage to the acquisition nodes. The result of a failure will be a change in the network topology, because one of the nodes will have to handle all the other sensors, which will absolutely affect both the emissivity and the time of data acquisition.
The equipment of a standard WSN network node enables making connections via six independent channels.
It is assumed that two of these channels are used to control the correct operation of acquisition nodes. In case that any of the acquisition nodes is operative, one of the nodes will take over the service of the entire network. The detection of nodes' failure is not a serious problem.
This can be done by observing changes in data stored in the memory of the acquisition nodes. If no changes are detected, the node 52 would send the message to the rest of the nodes to change the channels used for data transfer.
When the controller founds that the damaged node resume to work (this can be obtained by completing the test task), a message is sent about another change in the topology so that both acquisition nodes are ready to collect information again.
It can be considered that one of the selected nodes will take over the service of the whole network, but then the probability of obtaining a correct transmission will be reduced. In this case, it is necessary to analyze connections with nodes with the lowest probability of obtaining the correct transmission in the whole network.
If in the considered example the whole network is taken over by node 97, then to achieve the assumed probability for the whole network, which will reduce the emissivity in relation to the situation with two sub-networks by 28%, and with a 69% shorten time of the data acquisition. Such nodes can be observed in Fig. 4 -nodes 9A and 9B, 1A and 8B, 54B and 25C and 22B and 20C.
The selection of these nodes should not be accidental.
These nodes should belong to disjoint paths leading to acquisition nodes. If a node belonging to one of the groups serviced by a given acquisition node does not receive a message in a given time interval from another acquisition node, which operation is observed thanks to the received messages, then it sends information about the existing situation to the working acquisition nodes. To avoid a false alarm, which may be due to a failure of the data link, the acquisition nodes decide to change the network configuration only when they receive the same message from more than one edge node. The total values of energy emitted and the time of data acquisition were calculated as shown in the table 12.
It was proposed to divide the analyzed network into four sub-networks as shown in Fig. 6 .
The It was proposed to introduce additional connections between the above-mentioned nodes, as shown in Fig. 7 . However the proposed solution based on increasing the number of acquisition nodes will significantly reduce the impact of the WSN network on the natural environment.
